Introduction {#sec1}
============

Chronic noncommunicable diseases (NCD) account for \>70% of deaths in adults worldwide, with cardiovascular diseases being the leading cause of NCD mortality ([@bib1]). NCD, or the so-called "diseases of affluence," were until recently associated with a nation\'s wealth, in contrast to infectious diseases, which had an inverse association with income across countries ([@bib2]). However, although the overall trend indicates that NCD prevalence has slightly declined in the past 2 decades, developing countries have faced an increased incidence and burden of NCD risk during the same period ([@bib1], [@bib3]). The epidemiological transition from infectious to chronic diseases was particularly rapid in developing countries in Latin America that experienced accelerated economic growth in the 1990s, as is the case of Brazil, Chile, and Mexico, among others ([@bib4]). Both low- and middle-income countries and marginalized groups in wealthy countries today bear a higher NCD burden because of further exposure to risk factors and limited access to primary care compared with their wealthier counterparts ([@bib7]). NCD risk factors, such as obesity, are disproportionately more prevalent among some ethnic minorities, people of lower socioeconomic status, and rural populations in most countries in Latin America ([@bib8], [@bib9]). Among the factors explaining the abrupt shift in disease burden in low- and middle-income countries are urbanization, changes in technology that affect energy expenditure during transportation, work and leisure, and dietary changes, particularly with the consumption of highly processed foods ([@bib10]).

Migration to urban areas accounted for most of the rise in NCD risk factors in developing countries because of the lifestyle and dietary changes associated with living in cities ([@bib10], [@bib11]); however, a recent study has shown that one of the key NCD risk factors---obesity---has dramatically increased in rural populations worldwide, even exceeding the obesity incidence seen in urban populations today and rising at a faster rate compared with urban populations in most low- and middle-income countries ([@bib8]). In South America, Chile is the only country in the region where age-standardized mean BMI is already higher in rural women compared with urban women, although the trend indicates that this pattern will soon prevail in developing countries ([@bib8]).

Concomitant with the epidemiological transition, low- and middle-income countries with rapidly growing economies have also experienced a nutrition transition from "traditional" foods to a Western dietary pattern (pattern 4: degenerative diseases) characterized by high intake of saturated fats, sugar, and refined carbohydrates, and low PUFAs and fiber ([@bib11]). In Latin America the nutrition transition to a Western dietary pattern has been documented since the end of the 1980s, although the rate and extent at which this transition occurs varies tremendously across countries in the region ([@bib12]). Likewise, comorbidities associated with the nutrition transition, such as NCD mortality, have risen concomitantly since then ([@bib13]). Other behavioral characteristics related to the nutrition and epidemiological transitions, such as sedentary behavior, and tobacco and alcohol consumption, are also NCD risk factors that have increased in these populations in the last decades ([@bib7], [@bib11]).

The rapid transition from food- and nutrient-deprived environments to affluent environments can imply that individuals within a generation were regularly exposed to food insecurity and infections early in life whereas they are presented with food abundance---especially refined carbohydrate foods---as adults ([@bib14], [@bib15]). This mismatch between the poor early life conditions anticipated as a fetus and food abundance in adulthood has been found to be partly responsible for the increased prevalence of chronic diseases in developing countries ([@bib14], [@bib16], [@bib17]). Uauy and colleagues ([@bib5], [@bib17]) have indicated that the rates at which lifestyle and dietary changes have occurred among these populations would have exposed individuals to additional NCD risk factors and therefore a higher NCD susceptibility.

A "triple evolutionary mismatch"---genetic, cultural, and developmental---has been proposed to explain the higher burden of NCD in low- and middle-income countries ([@bib15]). The evolutionary genetic mismatch would explain the rise in NCD in contemporary populations as a result of our genetically based physiology, adapted to a Paleolithic hunter-gatherer lifestyle, in an unmatched environment characterized by current dietary and physical patterns. Within this framework, it is hypothesized that post--nutrition transition populations that adopted agriculture early in their history would be at lower risk of NCD due to dietary adaptations reducing the evolutionary genetic mismatch compared with populations that transitioned over just a few generations from a hunter-gatherer lifestyle to a Western dietary pattern high in refined carbohydrates and saturated fats ([@bib18]).

In the last few decades several other NCD risk factors have been shown to have a complex interplay with health outcomes, and their effects might not be uniform across different populations and cultural contexts. For instance, socioeconomic status is positively associated with increases in BMI in low-income countries, whereas the opposite relation has been observed for high-income countries ([@bib22]). Other factors exhibiting high variability in populations---and even within subgroups of a population---that have been associated with an increased risk of obesity, hypertension, and diabetes in adult life are: pathogen exposure and associated immune function during childhood ([@bib23]); occupational exposures (e.g., exposure to metals, pesticides, and other hazardous chemicals) ([@bib24], [@bib25]); and environmental traits (e.g., high altitude, cold climate, arsenic in drinking water, etc.) ([@bib26]).

To better understand the associations between long-standing subsistence strategies, nutrition transition in different cultural and environmental settings, and NCD risk--related health outcomes, this study comprised ethnographic fieldwork, oral history interviews, and collection of anthropometric and blood NCD biomarkers and dietary and physical activity data. Data were collected in 2 indigenous communities from rural areas in Chile inhabiting contrasting environments with divergent histories of subsistence strategies (hunting-gathering compared with agropastoralism). Both communities have gone through nutrition transition in the last few decades. Due to these marked differences between the 2 populations, it was expected that NCD risk biomarkers would differ between the 2 populations because each would display context-specific responses to the challenges posed by lifestyle and dietary shifts as well as market integration.

Methods {#sec2}
=======

Study populations {#sec2-1}
-----------------

Data from 2 indigenous communities in Chile were collected in this study, the Pehuenche and the Atacameños. According to the last population census (2017), the Atacameños---also known as *Likan-Antai*---numbered 25,262 individuals in the Antofagasta region ([@bib30]) where this research took place. The Pehuenche are not recognized as a separate ethnic group by statute, thus census data specific for the Pehuenche do not exist, but it should be noted that many Pehuenche consider themselves to be both Pehuenche and Mapuche.

The Pehuenche are a *Mapudungun*-speaking and Mapuche subgroup that inhabit the temperate rainforest of both the eastern and western slopes of the Andes Mountains between latitudes ∼37°S and 41°S ([**Figure 1**](#fig1){ref-type="fig"}). Information on the lifestyle and economic activities of this group prior to contact with Spanish colonizers comes mainly from documents of the early colonial period because archaeological studies are scarce in this area. These sources indicate that until 200--300 y ago, the Pehuenche based their subsistence on hunting wild camelids (*Lama guanicoe*), Andean deer (*Hippocamelus bisulcus*), rheas (*Rhea pennata*), among other smaller animals, but mainly on gathering the seeds of the monkey-puzzle tree (*Araucaria araucana*), which constituted a staple food for this population ([@bib31], [@bib32]). The timing for the introduction of European cattle is unclear for the Pehuenche, but information from other Mapuche groups nearby indicates that this occurred gradually soon after contact with Spanish colonizers ([@bib33]). Agriculture, however, seems to have never been practiced by this population, although there is evidence that other Mapuche groups in the valleys nearby adopted wheat and a few other crops during the 18th century ([@bib34], [@bib35]).

![Location of the communities of the study sites. (Figure was produced using the software QGIS, version 3.4.15-Madeira).](nzaa070fig1){#fig1}

Pehuenche communities today are located on indigenous reservations, and most of them have access to market goods---including packaged foods, primary education, public transportation, electricity, and drinking water. However, the majority lack sewerage systems, and access to health care is limited to monthly visits from health professionals. Most Pehuenche individuals speak fluent Spanish, and many have been converted to evangelical Christianity in the last 2--3 decades. Major changes in the foodways, lifestyle, and environment where this population lives are partially the result of the arrival of logging companies in the area, which, among other consequences, has decreased water availability in the communities and provided wage labor opportunities, especially for men. Despite these transformations, some aspects of the Mapuche culture, such as the practice of *Nguillatun* and *We-tripantu* religious ceremonies, and their traditional subsistence system the *veranada-invernada*, are still practiced by the vast majority of the population. This system requires seasonal migration from the lower lands to the mountains where the *Araucaria araucana* trees grow (i.e., above ∼1000 m) from December to April (*veranada*). During this period, entire families move to the highlands to gather firewood for cooking and heating, and specially to collect *piñones*, the fruit of the *Araucaria* trees, which then can be stored for ≤1 y under the right conditions. Until a few decades ago, these constituted a food staple, especially during the winter months when other foods were very scarce, but today *piñones* are gathered mostly for informal food markets.

The Atacameños inhabit the high-altitude Atacama Desert oases and ravines of the Loa River between latitudes ∼22°S and 24°S ([Figure 1](#fig1){ref-type="fig"}). Evidence of camelid domestication in this area dates as early as 4.5 kya ([@bib36]) and agriculture was most likely introduced ∼3.5--3 kya ([@bib37]). They engaged almost exclusively in subsistence agropastoralism until a few decades ago, and some elders continue to do so ([@bib38]). Communities at the higher altitudes specialized in transhumance pastoralism of llamas (*Lama glama*) and, among a few other crops, cultivated quinoa (*Chenopodium quinoa*) and varieties of potatoes (*Solanum tuberosum*) in agricultural terraces. The populations at the lower spectrum of the high altitude cultivated a much wider range of species and adopted European crops such as wheat and many species of fruits and cattle soon after contact with Spanish colonizers ([@bib39], [@bib40]). Despite agriculture and pastoralism being the main subsistence strategies for this population, until recently communities along the altitudinal range supplemented their diet by hunting wild camelids and smaller mammals and birds and gathering wild fruits such as algarrobo (*Prosopis* sp.) and chañar (*Geoffroea decorticans*) ([@bib41], [@bib42]). Additionally, trading fish and seafood with coastal populations during pre-Hispanic times has been documented ([@bib43]), but this activity progressively declined with Spanish colonization.

Today, Atacameño communities speak fluent Spanish and most practice Catholicism, although evangelical Christianity has gained support in the last couple of decades. They have access to primary education in their own communities, and secondary education is facilitated through boarding schools in nearby towns or cities. The expansion of tourism and especially the mining industry in this area has incorporated most of the Atacameño population into wage labor and affected the water supply for the human population, cattle, and crops, contributing to a sharp decline in the agriculture and pastoralist activities, and migration to the surrounding cities ([@bib46]). The dramatic intensification of mining activities over the past few decades has contributed to major dietary and lifestyle changes, such as the decline in the frequency and scale of Atacameño traditional ceremonies, many of which are linked to agricultural cycles ([@bib38], [@bib47]).

Compared with the Pehuenche communities, the Atacameños tend to have higher incomes due to more stable and well-paid jobs, which have ensured them wider access to market goods, including processed foods and motor vehicles. Despite improvements in their living conditions in the last 2--3 decades, many Atacameño communities do not have sewage treatment systems, drinking water, or regular electricity, particularly the communities along the Loa River ravines. Like the Pehuenche, access to health care is restricted to regular visits from health professionals although most communities have a permanent health office with a paramedic.

Data collection {#sec2-2}
---------------

Data were collected in June 2016, and December 2017 through May 2018. Community leaders and potential participants were contacted soon after arrival in the communities to explain the purpose of the study and to answer questions. Potential participants received an information sheet about the study and the investigator, and recruitment took place during community meetings and door-to-door. The inclusion criteria for this study were: *1*) age ≥18 y; *2*) self-identification as Pehuenche or Atacameño/*Likan-Antai*; and *3*) having had ≥2 generations of relatives in a Pehuenche or Atacameño/*Likan-Antai* community. Excluded were pregnant women and individuals closely related by kinship with previous study participants (i.e., parents-children, grandparents-grandchildren, siblings, aunts/uncles-niece/nephews, and cousins were not included). Participants did not receive any compensation for taking part in this research, and individuals who reported any medical condition were not excluded from the study or analyses. All participants recruited for this study consented verbally and by written informed consent. This study was approved by the Institutional Review Board at Indiana University (Study \#1,703,735,479).

Data collection took place largely in the homes of participants, or occasionally at other locations according to the participant\'s preference and availability. Fifty-seven semistructured interviews were conducted during the pilot study phase and in the first 2--3 wk at each field site to gain insight into subsistence strategies in the past, dietary changes experienced by the individuals during their lifetime, and their drivers.

Individuals were asked to complete a semiquantitative FFQ based on the FFQ used in the Chilean nutritional assessment (ENCA 2010--2011) ([@bib48]) and adapted to these populations for this study. This FFQ encompassed the last 12 mo and included 112 foods and beverages grouped in 8 categories, 7 of which contain the same products for both populations because they were common foods available in both regions. The "traditional foods" category contains foods identified by the individuals of each population as "traditional," which are available and customary in one population and not the other, and that represent the most salient "traditional" food items identified on the interviews.

Physical activity was assessed using the Global Physical Activity Questionnaire (GPAQ) developed by the WHO ([@bib49]) incorporating examples relevant to the local context. Minutes of moderate-to-vigorous physical activity (MVPA) were estimated and included as a variable in the analyses. Additionally, individuals completed a short questionnaire on demographics, and their nutritional, anthropometric, and health history, which included questions about experiences with food scarcity and food insecurity during childhood (up to ∼12 y old) and during their parents' childhood.

During the same visit, the NCD risk biomarkers---BMI (height and weight), body fat percentage (BFP), waist circumference, blood pressure, and blood biomarkers (total cholesterol, HDL cholesterol, triglycerides, and glucose)---were collected. In most cases, and in both populations, these blood measurements were done in a nonfasting state because it was not feasible in these settings to ask people to fast overnight. For this reason, time since last meal or sweetened beverage was documented and included in the analyses to account for potential variation in blood measurements introduced by food consumption. Height was measured using a portable stadiometer (Seca 213), and weight and body fat percentage were measured using a portable scale and bioelectrical impedance body composition monitor (Tanita Inner Scan BC-543). Waist circumference was measured using fiberglass tape (ADE MZ10021), following the 2013 guidelines used by NHANES ([@bib50]). Blood pressure was measured 3 times, with a 2-min interval between each measurement, using a portable blood pressure monitor (Omron BP742N), and the average of the 3 readings was used in the following analyses.

Finger puncture blood samples were obtained using a sterile single-use lancet (AccuChek Safe-T-Pro Plus). Cardiocheck Plus Analyzer (PTS Inc.) and the glucose and lipid panel strips were used to measure blood glucose, cholesterol, HDL cholesterol, and triglycerides according to manufacturer\'s instructions.

Data analyses {#sec2-3}
-------------

FFQ responses were converted to daily portions, and grams or milliliters for food and beverages, respectively, were calculated by converting the portion in the questionnaire to grams and then multiplying to get a daily frequency estimate. Nutrient and energy composition of diets were estimated by multiplying the energy and nutrient content per gram of each food by the grams of each food consumed per individual. The USDA Food Composition Database ([@bib51]) was the primary source used to estimate nutrient content in foods; alternatively, when foods in the FFQ were not available in the USDA database, information from the FAO/INFOODS databases ([@bib52]), the Chilean Food Composition Table ([@bib53]), and the Peruvian Food Composition Tables ([@bib54]) were used.

Foods were categorized into 4 groups according to degree of processing (unprocessed or minimally processed; processed culinary ingredients; processed foods; and ultraprocessed food and drink products) following the NOVA guidelines provided by Monteiro and colleagues ([@bib55]). Additionally, a category that contains a sample of 8 of the 112 food items in the FFQ that are high in refined carbohydrates was created as a means of assessing any association of these foods and other variables in the study and NCD risk. The foods included in this category were: *1*) *tortilla de rescoldo*, which is an unleavened bread made with lard and white flour and cooked in the coals of a fire; *2*) store-bought flatbread-like bread (*hallulla*); *3*) store-bought French-like bread (*marraqueta*); *4*) noodles; *5*) granulated white sugar---usually added to hot beverages; *6*) soft drinks prepared with powder mix; *7*) carbonated soft drinks; and *8*) hard candies. These are referred to as the sample of 8 refined carbohydrate foods in the following analyses.

To investigate whether the 2 populations differed in their prevalence of NCD risk biomarkers, *t* tests were used to compare the means of each biomarker between the 2 populations. Additionally, individuals were categorized as "at-risk" and "not-at-risk" for each biomarker, according to age, sex, and time since last meal or sweetened beverage for glucose, following the cutoffs suggested by the scale manufacturer (Tanita) ([@bib56]) or NIH cutoffs ([@bib57]) for increased NCD risk ([**Table 1**](#tbl1){ref-type="table"}). Frequencies of individuals "at-risk" and "not-at-risk" between populations were compared using chi-square tests.

###### 

Risk classification according to age and sex for each biomarker[^1^](#tb1fn1){ref-type="table-fn"}

  ----------------------------------------------------------------------------------
  Biomarkers   At-risk
  ------------ ---------------------------------------------------------------------
  BFP female   18 y: ≥31%; 19 y: ≥32%; 20--39 y: ≥33%; 40--59 y: ≥34%; ≥60 y: ≥36%

  BFP male     18--39 y: ≥20%; 40--59 y: ≥22%; ≥60 y: ≥25%

  WC female    ≥88 cm

  WC male      ≥102 cm

  BMI          ≥25 kg/m^2^

  CHOL         18--19 y: ≥170 mg/dL; ≥20 y: ≥200 mg/dL

  HDL CHOL     18--19 y: ≤44 mg/dL; ≥20 y: ≤49 mg/dL

  TRG          ≥150 mg/dL

  SBP          Average of 3 reads: ≥130 mmHg

  DBP          Average of 3 reads: ≥80 mmHg

  GLU          \>45 min after meal or beverage: ≥240 mg/dL\
               \>120 min after meal or beverage: ≥140 mg/dL\
               \>8 h after meal or beverage: ≥100 mg/dL
  ----------------------------------------------------------------------------------

^1^BFP, body fat percentage; CHOL, cholesterol; DBP, diastolic blood pressure; GLU, glucose; HDL CHOL, HDL cholesterol; SBP, systolic blood pressure; TRG, triglycerides; WC, waist circumference.

To assess whether ethnicity (Pehuenche or Atacameño) was associated with chronic disease risk based on each biomarker, several regression models were run that included ethnicity as the variable of interest, and age, sex, food insecurity during childhood, ultraprocessed foods consumption, minutes of MVPA per week, and minutes since last meal or sweetened beverage as confounders. The variable minutes since last meal or sweetened beverage was only included in the models for blood biomarkers that might vary on a fed state. Regression models in this study did not account for potential cluster-correlated data because the number of individuals sampled per community within an ethnic group was often too small to implement this statistical approach.

Data from all the biomarkers except blood glucose were grouped into quintiles to create a score that contains the sum of the number of biomarkers for which an individual was placed into the top quintile. Observations in the highest quintile for all biomarkers (except HDL cholesterol, where the bottom quintile is considered "at-risk") were assigned a value of 1, and a 0 was assigned for the remaining quintiles resulting in a score from 0 to 8 for each individual. Body fat percentage values were categorized into quintiles according to sex and age range, waist circumference was categorized according to sex, and the biomarkers blood triglycerides, cholesterol, HDL cholesterol, BMI, and systolic and diastolic blood pressure were sorted into quintiles regardless of sex or age. Ten-year cardiovascular Framingham risk scores (FRSs) were calculated for each individual considering age, sex, total cholesterol, HDL cholesterol, systolic blood pressure, smoking and diabetes status, and hypertension medication, following D\'Agostino et al. ([@bib58]).

Categories "at-risk" and "not-at-risk" for each biomarker were considered as the outcome variable in 9 binary logistic regression models that included ethnicity as the variable of interest, and the confounders listed above. FRSs were not normally distributed and therefore log-transformed to be used as the outcome variable in a multiple linear regression model that included sex, age, ethnicity, ultraprocessed food consumption, food insecurity, physical activity, and time since last meal as predictors. All the analyses were performed in RStudio (v. 1.1.456). Statistical significance was set at *P* \< 0.05.

Results {#sec3}
=======

One hundred-ninety participants, 90 from 18 Pehuenche communities and 100 from 15 Atacameño communities, were recruited. The number of people sampled in each community ranged from 1 to 22, depending mostly on the size of the community because sampling of related individuals was avoided. The majority of both samples comprised women (71% of the Atacameños and 70% of the Pehuenche) because recruitment and sampling took place at participants' homes and most men were away working in wage labor. For the same reason, the samples are biased toward older adults, especially among the Atacameños, where the mean age is statistically significantly higher than in the Pehuenche sample (54.2 ± 18.1 y and 48.5 ± 15.5 y, respectively; *P* \< 0.05) ([**Table 2**](#tbl2){ref-type="table"}).

###### 

Descriptive statistics of sample characteristics and confounders by ethnic group[^1^](#tb2fn1){ref-type="table-fn"}

  Characteristic                                                     Total (*n* = 190)   Pehuenche (*n* = 90)   Atacameño (*n* = 100)   *P*
  ------------------------------------------------------------------ ------------------- ---------------------- ----------------------- ----------------------------------------
  Sex female                                                         134 (71%)           64 (71%)               70 (70%)                0.993
  Age, y                                                             51.52 ± 17.1        48.5 ± 15.5            54.2 ± 18.1             0.020\*
  Smoking (at least 1 cigarette on 1 or more occasions per week)     17 (8.9%)           3 (3.3%)               14 (14%)                ---[^2^](#tb2fn2){ref-type="table-fn"}
  MVPA, min/wk                                                       387.1 ± 631.6       488.5 ± 670.5          295.8 ± 582.7           0.037\*
  Any physical activity, min/wk                                      616.9 ± 776.3       685.2 ± 750.0          555.5 ± 798.0           0.250
  Physical inactivity, min/wk                                        358.7 ± 174.9       250.6 ± 119.8          456.0 ± 159.2           \<0.001\*
  \% kcal carbohydrates                                              55.2 ± 6.3          54.6 ± 5.9             55.7 ± 6.7              0.225
  \% kcal protein                                                    12.9 ± 1.9          12.6 ± 2.0             13.1 ± 1.8              0.075
  \% kcal lipids                                                     31.9 ± 5.8          31.5 ± 5.7             32.3 ± 5.8              0.375
  \% kcal ultraprocessed foods                                       13.7 ± 6.6          15.1 ± 6.9             12.4 ± 6.1              0.005\*
  \% kcal refined carbohydrates[^3^](#tb2fn3){ref-type="table-fn"}   26.0 ± 9.4          25.2 ± 9.7             26.8 ± 9.1              0.264
  \% kcal traditional foods                                          1.7 ± 2.7           1.3 ± 2.5              2.2 ± 2.7               0.012\*
  Food insecurity in childhood                                       120 (63%)           70 (78%)               50 (50%)                \<0.001\*
  Food insecurity mother                                             147 (82%)           81 (92%)               66 (72%)                \<0.001\*
  Food insecurity father                                             130 (82%)           77 (91%)               53 (73%)                0.006\*
  Body fat, %                                                        34.5 ± 8.2          35.7 ± 7.6             35.1 ± 7.9              0.291
  BMI, kg/m^2^                                                       29.0 ± 4.5          29.4 ± 4.4             28.7 ± 4.5              0.243
  Diastolic blood pressure, mmHg                                     75.6 ± 9.2          76.5 ± 9.4             74.8 ± 9.0              0.217
  Systolic blood pressure, mmHg                                      118.8 ± 17.1        118.9 ± 16.8           118.6 ± 17.4            0.910
  Blood cholesterol, mg/dL                                           163.0 ± 36.8        158.7 ± 37.7           166.8 ± 35.7            0.133
  Blood HDL cholesterol, mg/dL                                       44.1 ± 13.2         43.9 ± 11.1            44.3 ± 14.9             0.834
  Blood triglycerides, mg/dL                                         222.1 ± 111.9       216.0 ± 116.6          227.7 ± 107.7           0.475
  Waist circumference, cm                                            100.7 ± 11.5        102.0 ± 11.3           99.5 ± 11.6             0.156
  Blood glucose, mg/dL[^4^](#tb2fn4){ref-type="table-fn"}            138.5 ± 59.3        134.9 ± 45.5           141.8 ± 69.6            0.412
  Diagnosed type 2 diabetes                                          17 (8.9%)           9 (10%)                8 (8%)                  0.820
  Time since last meal, min                                          174.2 ± 129.2       192.1 ± 159.5          158.8 ± 94.3            0.096

^1^Mean ± SD for continuous variables and frequency (%) for categorical variables. \*Statistically significant at *P* \< 0.05. MVPA, moderate-to-vigorous physical activity.

^2^Less than 5 observations per cell.

^3^Sample of 8 refined carbohydrate foods.

^4^Nonfasting blood glucose.

Univariate analyses were performed to identify meaningful predictor variables for multivariate analyses. For each biomarker, *t* tests between binary categories (ethnicity, sex, and food insecurity) showed that only sex differences were statistically significant for body fat percentage and systolic and diastolic blood pressure, and no other biomarkers significantly differed by sex, ethnicity, or food insecurity categories (**[Supplemental Table 1](#sup1){ref-type="supplementary-material"}**). Spearman correlations between biomarker values and age, ultraprocessed food consumption, and MVPA indicated that age was positively associated with total cholesterol, HDL cholesterol, and systolic blood pressure. Ultraprocessed food consumption was positively associated with diastolic blood pressure and negatively associated with HDL cholesterol, whereas minutes of MVPA were negatively associated with body fat percentage and BMI (**[Supplemental Table 2](#sup1){ref-type="supplementary-material"}**).

Physical activity patterns {#sec3-1}
--------------------------

The Atacameño sample reported statistically significantly less MVPA and more physical inactivity per week than the Pehuenche. The mean of total minutes of any physical activity did not differ between the two populations ([Table 2](#tbl2){ref-type="table"}).

Food patterns {#sec3-2}
-------------

As [Table 2](#tbl2){ref-type="table"} indicates, energy (kilocalories) intake for both populations came mainly from carbohydrates (55%), followed by lipids (32%), and then by proteins (13%). Over 25% of calories consumed in both populations came from only 8 of the 112 foods in the FFQ, which correspond to "refined carbohydrate foods" such as white bread, noodles, sugar, candies, and sugary beverages. Mean total energy intake did not differ between the 2 populations nor did the proportion of energy from any macronutrients or refined carbohydrate foods ([Table 2](#tbl2){ref-type="table"}). Individuals in both populations reported having gradually incorporated these foods, cooking oil, and some ultraprocessed foods into their regular diet over the last ∼30 y. Ultraprocessed foods comprised 23 of the 112 foods in the FFQ and made up ∼14% of average energy intake; this value was higher in the Pehuenche (15.1%) than in the Atacameños (12.4%) (*P* \< 0.05). Age was inversely associated with ultraprocessed foods consumption (*r* = −0.43; *P* \< 0.001).

In both populations, "traditional foods" are mostly consumed during ceremonies or festivities. On average, only 36% of the "traditional foods" were consumed monthly or more frequently, and the proportion of these foods consumed at least once a month was lower among the Atacameños than the Pehuenche (Wilcoxon rank sum test: *P* \< 0.001). This difference was mainly driven by 1 food: the fruit of the monkey-puzzle tree, *piñones* (*pehuen*), which is still consumed frequently by the Pehuenche, with 83% of this population reporting having consumed it at least once per month during the last year. In contrast, the most frequent "traditional" food among the Atacameños was toasted dry corn (*tostado*), which was consumed regularly by 58% of the sample (**[Supplemental Tables 3](#sup1){ref-type="supplementary-material"}** and **4**).

Food insecurity {#sec3-3}
---------------

Food insecurity in childhood was common in both samples, with \>50% of the individuals reporting they had faced hunger during their infancy and youth. Although relatively frequent in both populations, the experience of food scarcity and unpredictability during childhood was reported more often in the Pehuenche than in the Atacameños (78% compared with 50%; *P* \< 0.001). Likewise, parents' food insecurity (i.e., both mother and father, when known by the participant) was reported more frequently in the Pehuenche than in the Atacameños (*P *\< 0.05); mother\'s and father\'s food insecurity reached 92% and 91%, respectively, in the Pehuenche, whereas the frequency in the Atacameños was 72% and 73%, respectively ([Table 2](#tbl2){ref-type="table"}). In both populations, parents' food insecurity was more commonly reported than participants' food insecurity during childhood. Over 70% of Atacameños and 90% of Pehuenche with known parents reported being told about seasonal hunger (i.e., winter and spring months), or constant food scarcity, limited to low quantity and poor-quality foods during most of the year during their parents' childhood.

Association between chronic disease risk prevalence and sample characteristics {#sec3-4}
------------------------------------------------------------------------------

It was shown by *t* tests that means of each biomarker did not differ between the 2 populations. Furthermore, when individuals were categorized into "at-risk" or "not-at-risk" categories for each biomarker, the proportion of individuals "at-risk" and "not-at-risk" was not different in the 2 populations ([**Figure 2**](#fig2){ref-type="fig"}).

![Percentage of population "at-risk" for each biomarker by population. There were no statistically significant differences between the 2 groups at *P* \< 0.05 for any biomarker. BFP, body fat percentage; CHOL, cholesterol; DBP, diastolic blood pressure; GLU, glucose; HDL, HDL cholesterol; SBP, systolic blood pressure; TRG, triglycerides; WC, waist circumference.](nzaa070fig2){#fig2}

Logistic regressions considering each biomarker showed that ethnicity (i.e., belonging to either an Atacameño or Pehuenche community) was not a statistically significant predictor of being "at-risk" for any of the biomarkers when controlling for confounders. Sex, followed by age, were the most common predictors of the risk categories in these samples, reaching significance for 5 and 3 of the 9 biomarkers, respectively. Males were more likely than females to be in the "at-risk" category for systolic and diastolic blood pressure, and less likely than females to be in the "at-risk" category for blood HDL cholesterol, BMI, and waist circumference. Each 1-y increase in age was associated with higher odds of being in the "at-risk" category for blood cholesterol and systolic blood pressure, and lower odds of being in the "at-risk" category for blood HDL cholesterol. The proportion of energy from ultraprocessed foods in the diet increased the odds of being "at-risk" of high systolic blood pressure, and food insecurity almost reached statistical significance (*P *= 0.067) as a predictor for the risk of elevated glucose. MVPA slightly decreased the odds of elevated triglycerides (*P *= 0.048) and glucose at-risk was only associated with time since last meal or sweetened beverage. None of the independent variables included statistically significantly predicted the likelihood of being in the "at-risk" category for body fat percentage ([**Table 3**](#tbl3){ref-type="table"}).

###### 

Logistic regression for each biomarker risk outcome using multiple predictors[^1^](#tb3fn1){ref-type="table-fn"}

                                                           Predictors                                                                                                                        
  -------------------------------------------------------- --------------------- ---------------------- -------------------- ------------------- --------------------- --------------------- ---------------------
  BFP "at-risk"                                            0.99 (0.96, 1.02)     0.69 (0.26, 1.90)      0.82 (0.29, 2.27)    1.99 (0.70, 5.74)   0.96 (0.88, 1.03)     1.00 (1.00, 1.00)     ---
  BMI "at-risk"                                            0.99 (0.96, 1.01)     0.42 (0.19, 0.93)\*    1.02 (0.44, 2.37)    1.51 (0.64, 3.60)   1.00 (0.99, 1.00)     1.00 (1.00, −1.00)    ---
  WC "at-risk"                                             0.98 (0.95, 1.00)     0.089 (0.04, 0.19)\*   1.01 (0.44, 2.34)    0.96 (0.39, 2.34)   0.98 (0.92, 1.05)     1.00 (1.00, 1.00)     ---
  SBP "at-risk"                                            1.05 (1.02 −1.08)\*   2.36 (1.09, 5.13)\*    1.28 (0.57, 2.94)    0.74 (0.31, 1.73)   1.12 (1.05 −1.20)\*   1.00 (1.00, 1.00)     ---
  DBP "at-risk"                                            0.99 (0.97, 1.01)     3.2 (1.58, 6.64)\*     1.29 (0.59, 2.46)    1.23 (0.58, 2.46)   1.02 (0.97, 1.08)     1.00 (1.00, 1.00)     ---
  CHOL "at-risk"                                           1.03 (1.01, 1.06)\*   0.64 (0.23, 1.61)      1.01 (0.43-- 2.41)   1.11 (0.45, 2.86)   0.98 (0.92, 1.05)     1.00 (1.00, 1.00)     1.00 (1.00, 1.00)
  TRG "at-risk"                                            1.02 (1.00, 1.04)     0.97 (0.47, 2.07)      0.79 (0.39, 1.58)    0.87 (0.41, 1.84)   1.03 (0.98, 1.09)     1.00 (1.00, 1.00)\*   1.00 (1.00, 1.00)
  HDL CHOL "at-risk"                                       0.96 (0.94, 0.99)\*   0.38 (0.18, 0.79)\*    0.68 (0.33, 1.39)    1.43 (0.66, 3.12)   1.00 (0.95, 1.06)     1.00 (1.00, 1.00)     1.00 (1.00, 1.00)
  GLU "at-risk"[^2^](#tb3fn2){ref-type="table-fn"}         1.01 (0.98, 1.04)     0.79 (0.27, 2.09)      1.38 (0.56, 3.49)    2.81 (0.98, 9.36)   0.95 (0.88, 1.02)     1.00 (1.00, 1.00)     1.01 (1.00, 1.01)\*
  Quintile risk score[^3^](#tb3fn3){ref-type="table-fn"}   1.01 (0.99, 1.02)     1.55 (0.83, 2.89)      0.88 (0.48, 1.61)    1.41 (0.75, 2.67)   1.02 (0.97, 1.07)     1.00 (1.00, 1.00)\*   1.00 (1.00, 1.00)

^1^Results displayed as ORs (95% CIs). Risk categories were defined according to the cutoffs indicated in [Table 1](#tbl1){ref-type="table"}. \*Statistically significant at *P* \< 0.05. BFP, body fat percentage; CHOL, cholesterol; DBP, diastolic blood pressure; GLU, glucose; HDL CHOL, HDL cholesterol; MVPA, moderate-to-vigorous activity; SBP, systolic blood pressure; Time meal, minutes since last meal; TRG, triglycerides; UP, ultraprocessed; WC, waist circumference.

^2^Nonfasting glucose "at-risk" category was adjusted by time of last meal according to the cutoffs indicated in  [Table 1](#tbl1){ref-type="table"}.

^3^Ordinal logistic regression.

Using quintile risk scores as the outcome variable in an ordinal logistic regression that considered the same confounders listed above, only minutes of MVPA was a statistically significant predictor (*P *= 0.030), where fewer minutes were associated with increased odds of higher scores. When FRSs were considered as the outcome variable, a linear regression model showed that increased age and being male were the only statistically significant predictors and that ethnicity was not associated with FRSs in this study ([**Table 4**](#tbl4){ref-type="table"}).

###### 

Multivariate linear regression for log-transformed Framingham risk scores[^1^](#tb4fn1){ref-type="table-fn"}

  Predictor              Coefficient (95% CI)   *P*
  ---------------------- ---------------------- -----------
  Age                    0.05 (0.05, 0.06)      \<0.001\*
  Sex: male              1.14 (0.94, 1.35)      \<0.001\*
  Ethnicity: Pehuenche   −0.06 (−0.25, 0.14)    0.5735
  Food insecurity        0.10 (−0.11, 0.30)     0.3595
  UP foods               0.01 (−0.01, 0.02)     0.3399
  MVPA                   −0.00 (−0.00, 0.00)    0.0722

^1^Results displayed as ORs (95% CIs). \*Statistically significant at *P* \< 0.05. MVPA, moderate-to-vigorous physical activity; UP, ultraprocessed.

Discussion {#sec4}
==========

Since the 1990s studies on how market integration has affected indigenous peoples' lifestyle and health in South America have proliferated concomitantly with the nutrition transition model posited by Popkin ([@bib11]). Across this region, a high degree of variability in the extent of market integration, lifestyle and dietary shifts, NCD risk prevalence, as well as the interplay between these factors has been documented, suggesting complex and heterogeneous interactions between these factors and health outcomes ([@bib59]). With the aim of contributing evidence to this debate, this study assessed the prevalence of NCD risk--associated biomarkers in 2 indigenous populations currently experiencing the nutrition transition, and which until a few decades ago had contrasting lifestyles and diets in highly distinctive environmental settings.

Findings from this study indicate that despite slight differences in physical activity intensity and the consumption of ultraprocessed and "traditional" foods observed between the 2 groups, broader socioeconomic characteristics and dietary (i.e., macronutrient composition) and activity patterns are nowadays fairly similar. These results suggest a convergence in lifestyle and dietary patterns between the Pehuenche and Atacameño communities in the context of ongoing nutrition transition and integration into the wage labor and market economy. Furthermore, this study reported no significant differences in NCD risk biomarkers between the 2 populations, which agrees with the minimal differences observed in NCD risk factors.

The results of multivariate analyses showed that ethnicity was not a predictor for any of the NCD risk biomarkers, nor were the composite quintile scores and FRSs. These analyses instead indicate that while controlling for other confounders, age and sex are the most consistent predictors of NCD risk--associated outcomes, as they are in most populations ([@bib65], [@bib66]). Compared with populations with low-NCD-risk subsistence lifestyles such as the Tsimane from lowland Bolivia ([@bib67]), the Atacameño and Pehuenche individuals in this study showed remarkably higher mean BMI, body fat percentage, and blood triglycerides, with slightly higher total blood cholesterol, HDL cholesterol, and diastolic and systolic blood pressures. These results are consistent with other transitioning indigenous populations in South America that have radically changed both their lifestyle (i.e., settlement patterns and occupation) and food habits ([@bib60], [@bib68], [@bib69])---particularly with the displacement of nutrient- and fiber-rich foods by energy-dense and low-nutrient foods.

In this study, sex seemed to predict most of the differences observed in NCD risk--associated outcomes. Compared with women, men in both populations were more likely to have elevated systolic and diastolic blood pressure. This trend has been observed not only in industrialized populations but also in subsistence populations like the Tsimane ([@bib67]), and appears to be associated with the role of endogenous estrogens in vasodilatation ([@bib70]). However, females in both populations were more likely to be associated with the "at-risk" category for BMI, waist circumference, and HDL cholesterol. This is consistent with the global trend of higher prevalence of overweight and obesity in adult females than males ([@bib1]), and this is becoming more extreme in rural populations ([@bib8]). A recent nationally representative health assessment in Chile (ENS 2016--2017) showed that obesity prevalence in women was markedly greater than in men (38.4% compared with 30.3%, respectively) ([@bib71]), and was higher in women from rural areas than from urban areas ([@bib8]), such as those from the 2 indigenous communities included in this study.

In addition to sex, age was associated with an increased risk for hypercholesterolemia and hypertension consistent with the pattern seen in industrialized populations ([@bib72]). Because this association is commonly observed, it has been assumed that elevated blood pressure and cholesterol are part of the normal process of ageing. However, recent studies conducted on subsistence lifestyle populations have challenged this view, showing that blood pressure, LDL cholesterol, and total cholesterol do not necessarily rise with age, thus suggesting that this is likely a phenomenon associated with the nutrition transition ([@bib67], [@bib75], [@bib76]).

Time spent in MVPA was a significant predictor only for elevated blood pressure, and some differences in physical activity were found between the 2 populations, which might relate to current lifestyle changes and wage-labor integration. Individuals from the Atacameño communities engaged in less MVPA and more hours of sedentary behavior (e.g., watching TV, knitting, driving, etc.) than the Pehuenche---although total time spent on any physical activity per week did not differ between the 2 populations. This observation was consistent with the ethnographic and interview data, which indicated that most Atacameños, particularly men, but also women, worked for mining companies operating machines while seated for many hours per day (∼10 h) and stayed at home resting when not working. Atacameño women who did not have a wage-earning job tended to dedicate time almost exclusively to domestic labor, which included little MVPA. In contrast to the Atacameños, the vast majority of Pehuenche households did not have a motor vehicle and individuals tended to do strenuous activities such as chopping wood, commuting by bike, or carrying heavy objects (e.g., water buckets) over long distances more often and for longer periods of time. Compared with industrialized populations, like the United States, where MVPA is slightly \>1 h/wk on average ([@bib77]), both samples in this study engaged in considerably higher minutes of MVPA per week but remarkably lower than subsistence populations, like the Hadza, who engaged in \>900 min MVPA per week ([@bib76]).

Food insecurity during childhood almost reached statistical significance as a predictor of high blood triglycerides, and no significant associations with any NCD risk biomarkers were found. These results diverged from the thrifty phenotype hypothesis, which predicts that poor nutritional conditions during fetal and infant development would result in increased susceptibility to impaired glucose-insulin metabolism and thus higher risk of developing type 2 diabetes and metabolic syndrome ([@bib78], [@bib79]). Although nonsignificant as a predictor of NCD risk, food insecurity was strikingly different between the 2 groups. Individuals from the Pehuenche communities reported significantly higher frequencies of both parents' and childhood food insecurity compared with the Atacameños, despite no differences in risk for any biomarker being observed between the 2 populations. In both populations, parents' food insecurity was statistically significantly higher than childhood food insecurity, suggesting that food availability and access have improved over the course of 1 generation. In the interviews, most older individuals (i.e., \>60 y) described the contrast between their situation today and the precarious conditions in which they lived during their childhood, emphasizing their feelings of hunger and unpredictability in relation to food.

In both populations, the proportion of energy that comes from the 3 macronutrients---carbohydrates, lipids, and proteins---was within the acceptable macronutrient distribution ranges proposed by the Institute of Medicine ([@bib80]) for adequate nutrition. The proportion of the total energy intake that comes from each macronutrient was fairly similar for the 2 groups, and closely resembled the average proportion of macronutrients in the current Chilean diet ([@bib81]). Compared with the US diet ([@bib51]), the proportion of energy from carbohydrates was slightly higher, and that from protein was lower in both indigenous populations in this study. However, the percentage of energy from ultraprocessed foods was remarkably lower in both of the study samples (∼14%) compared with the United States (∼60%) ([@bib82]). Because consumption of ultraprocessed foods has been strongly associated with NCD worldwide, the relatively low consumption of this food group should exert a protective effect against NCD. In the multivariate analyses conducted in this study, ultraprocessed food consumption only showed an association with being in the "at-risk" category for systolic blood pressure and did not appear to be a predictor of NCD risk for any of the other health outcomes evaluated. However, this could have been caused by the low consumption of these foods in general, particularly in the elderly, who constituted the majority of the sample and who consumed statistically significantly less ultraprocessed foods than younger individuals in both populations in this study. Ethnographic observations and interview data supported this finding and indicated that the main barriers toward consumption of ultraprocessed foods among the elders were income and/or lack of access to food markets due to relative isolation, but food preferences also played a role. A similar trend has been previously described among the Xavante (Brazil), and appears to be related to higher adherence to traditional subsistence patterns by the elders due to linguistic, cultural, and geographic barriers ([@bib62]).

A very high intake of refined carbohydrates (e.g., white bread, noodles, sugar, sugary soft drinks, etc.) is noticeable in both populations. Large quantities of white bread are usually served with every meal and soft drinks with added sugar have replaced water consumption in many households at both study sites. According to the participants, ultraprocessed foods and refined carbohydrate foods were gradually introduced in the last 3 decades, and they are rapidly becoming staple foods as employment in the booming mining and logging industries in the respective areas provides a stable income to every household. Access to market foods and the abandonment of agriculture appears to be one of the most frequent drivers of the nutrition transition among the Atacameños. Because, compared with older members of the community, younger individuals consume more refined carbohydrates and ultraprocessed foods and have the economic means to access/provide these foods, it is likely that their consumption will increase in the following decades. Such a pattern has been observed in other populations currently undergoing the nutrition transition, where the incorporation of food additives, such as vegetable oil, salt, and refined sugar, has paralleled the increase in BMI and body fat percentage of the individuals ([@bib63], [@bib83]).

Consumption of "traditional" foods, usually nutrient-rich, high in fiber, and low in sugar and saturated fats, has been associated with positive health outcomes ([@bib84]). Both populations included in this study exhibited sporadic consumption of most of the foods in this group, although the average intake was higher in the Pehuenche than in the Atacameños due to the persistence of some aspects of their traditional subsistence system---the *veranada*/*invernada*---that provides Pehuenche families with the fruit of the *Araucaria* trees (*piñones*). Although *piñones* were still part of the regular diet of many Pehuenche, frequency of consumption seems to have declined in the last decade due to price increases in the market. Thus, many families reported preferring to sell most of the gathered *piñones* to buy other desirable foods such as white flour, rice, oil, and sugar. This phenomenon of commoditization of food systems and its negative effects on a population\'s nutrition has been extensively described for rural households Latin America ([@bib68], [@bib89]). The remaining "traditional" foods identified in this population were only consumed anecdotally or during traditional ceremonies that take place a few times a year.

Among the Atacameños, the average consumption of "traditional" foods was even lower than in the Pehuenche and mostly associated with ceremonies or festivities. Many are no longer readily available because the population has largely abandoned the agricultural and pastoralist practices that provided them with these products. Several individuals reported that because ceremonies still practiced in these communities require the preparation of these foods, they have to acquire them from Bolivia. In both populations, participants noted that consumption of local and "traditional" foods has steadily declined in the last 20--30 y, but due to the lack of longitudinal data documenting changes in the food system and the population\'s health, this study could not ascertain the direct impact of diet delocalization on health outcomes.

The Pehuenche and Atacameños are both transitioning to a Western diet high in processed and nonlocal foods and progressively incorporating noticeable amounts and variety of ultraprocessed foods. Despite the changes in dietary and physical activity patterns observed, the fourth stage of the nutrition transition described by Popkin ([@bib11]) has not been completed yet because "traditional" foods obtained through gathering and small-scale agriculture still complement their diets. This is particularly distinctive in older individuals, who also tended to be at lower NCD risk than middle-aged individuals. Because both populations are being progressively incorporated to the market economy and often emigrating from their communities of origin, it is likely that "traditional" foodways will be abandoned and consumption of ultraprocessed foods will continue to rise concomitantly with the noticeable increases in obesity ([@bib8]) and other NCD risk factors in rural areas of the country ([@bib71]).

Study limitations {#sec4-1}
-----------------

This study has several limitations that prevent generalization of these findings to the broader Atacameño and Pehuenche populations. First, the cross-sectional nature of these data limits the ability of this study to establish causal relations between environmental and behavioral patterns and chronic disease risk. Second, the small sample size could contribute to the failure to detect subtle differences in NCD risk between the 2 populations. Third, due to the voluntary and nonrandomized sampling strategy, some bias toward women and older individuals---who were available and more willing to participate---is apparent in this study. This selection bias implies that findings might not be extrapolated to the entire populations. Fourth, food consumption and physical activity collected through an FFQ and GPAQ, respectively, rely on participant memory, and individuals had difficulty determining food quantities, frequencies, seasonality, and time spent on a given activity. These limitations inherent to these methods have been extensively described elsewhere ([@bib90]) and several precautions to avoid further biases were taken. These included the administration of the questionnaires through interview by a trained researcher instead of giving a paper-pencil version to the participants for completion, the incorporation of local cognitive categories for foods, and context-appropriate examples of physical activities. Fifth, NCD blood biomarkers were not assessed in a fasting state and could have reflected recent diet, although this was controlled for in the statistical analyses by incorporating the time since last meal in the regressions and categorizations for blood glucose risk. Sixth, due to the small number of individuals per community within an ethnic group and lack of data on household belonging, data on this study were not suitable to implement a mixed-effects model or other approach that could account for potential cluster correlation at the household or community level. Data clustering at the household level is, however, unlikely in this dataset because sampling avoided individuals related by kinship. Lastly, the prompts in the questionnaire about food insecurity during childhood might not have captured the true extent of maternal and early-life nutritional stress, thus this study cannot certainly rule out the role of developmental mismatches related to predictive adaptive responses ([@bib93]).

Conclusions {#sec4-2}
-----------

To my knowledge, this is the first study documenting food patterns and NCD risk--associated outcomes in indigenous populations in Chile. Compared with other indigenous populations in the region who live a more traditional subsistence lifestyle ([@bib67], [@bib94]), the Atacameños and Pehuenche exhibited a remarkably higher NCD risk. These results agree with similar studies on transitioning hunting-horticulturalist populations where changes in food resources and market integration have paralleled an increase in body size and other NCD risk biomarkers ([@bib60], [@bib62], [@bib63], [@bib69]). Milton ([@bib95]) has argued that populations that follow traditional diets and lifestyles, regardless of proportions of dietary macronutrients or if they include agricultural products, have very low NCD prevalence, indicating that energy-dense and low-fiber foods characteristic of contemporary Western diets along with sedentary behavior are driving the high NCD burden.

Despite contrasting past subsistence strategies and environments, the highly similar NCD risk pattern in the 2 studied populations suggests that if genetic variation related to dietary adaptations plays a role in NCD risk, this is either not related to glucose-insulin metabolism and thus reduced NCD risk, or that current dietary and physical activity patterns are overruling the expected phenotypic outcomes. Analyses of selection signatures in these populations' genomes will provide further information to evaluate the role of dietary adaptations in NCD risk and support or rule out evolutionary mismatch hypotheses as an explanation for the rise in chronic diseases in contemporary societies.

Considering the abrupt and profound transformations of these populations' landscapes, economies, and lifestyles in the last few decades, and the relatively high NCD risk in young and middle-aged individuals, the results of this study suggest that these changes in the environment might be related to the current high burden of NCD risk in both groups. In particular, the matched increased consumption of processed and ultraprocessed foods and low levels of physical activity observed among the Atacameño and Pehuenche populations could be playing a critical role in the lack of differences in NCD risk between them. Future research along these lines should consider longitudinal assessments and incorporate standardized measures of market integration, income, and food insecurity to provide a more complete understanding of the effects of the nutrition transition on population health in diverse settings. Identifying drivers and effects of this transition and their particular interplay with health outcomes at a local level could potentially contribute to developing context-specific public policies addressing food, nutrition, and health.
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